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INTRODUCTION 
There are a number of factors that influence crop yield, two of 
which are soil moisture and fertility. 
The optimum level of moisture for plant growth is very important 
in irrigation agriculture, because it is fundamental in determining 
the time for and amount of irrigation. 
There is no general agreement on the availability of water to 
plants throughout the available soil moisture range from field capacity 
to the permanent wilting percentage. 
Many experiments have been conducted to determine what irrigation 
practices would yield maximum crops. In general, these experiments 
consisted of irrigations at certain predetermined intervals or stages 
of plant growth. In most cases treatments providing a comparison 
between various degrees of soil moisture depletion in the available 
range were not emphasized. 
A number of investigations have been conducted where the effects 
of fertilizer have been measured, and the results of these investigations 
have been highly variable. Few trials have been conducted where the 
two factors fertilizer and irrigation have been studied in the same 
experiment. Consequently, the question as to whether or not the 
soil-moisture content above the wilting percentage will become 
limiting to full utilization of nutrients available to the plant is 
correspondingly involved. The importance of a better knowledge of the 
subject is evident. 
This investigation was, therefore, conducted to obtain information 
on the availability of water to plants and its effects upon fertilizer, 
gr owth, and yield response. 
2 
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REVIEW OF LITERATURE 
The processes of depletion and replenishment of soil moisture have 
received considerable attention from agricultural scientists because of 
the dependence of plant growth on the soil-moisture supply. The maximum 
amount of moisture that can be stored in the soil in the f i eld and the 
degree of dryness to whi ch the plants can reduce the moisture content 
of soil are the 'limits that determined the range of moisture available 
to plants (45). Numerous soil moisture constants, such as moistu~ 
holding capacity, moisture equivalent, field capacity, and t he various 
wilting percentages, have been used for indicating the capacity of 
soils to retain water. 
A comprehensive review of the literature on the availability of 
soil moisture for plant growth has been made by Richards and Wadleigh 
(44). 
Moisture removal E.l plant roots 
Movement of water in soil at a moi sture content below field 
capacity is extremely slow. Veihmeyer and Hendrickson (58) have 
repeatedly stated that capillary movement of moisture from moist to 
drier soils is too limited in extent and rate t o be effective for the 
use of plant roots. Conrad and Veihmeyer (14) followed t he ~oisture 
extraction by sorghum plants in which t hey found a negative correlation 
between the relative wetnes s of the soil and the density of roots. 
The pattern of moisture extraction by corn has been f ollowed by 
Russell, Davis, and Bair (47) using tensiometers installed to a depth 
of 6o inches in the field. They observed that corn roots first absorb 
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moisture at a shallow depth directly beneath the corn hills. The zone of 
absorption extended laterally until most of the available moisture at 
that depth was depleted. Finally the lateral expansion of the moisture 
absorption zone occurred at successively lower depths as the growing 
season progressed. Davis (16) grew corn plants in a glass front box and 
~((lt. 
observed~- root system development. He noticed that the roots of the 
growing plants extracted water below the wilting percentage in soil near 
the plant wnen similar numbers of roots were present in moisture above 
the wilting percentage four feet away. However the water 4 feet away 
was eventually absorbed after the soil near the plant was dried below 
the wilting percentage. The soil moisture depletion was measured by 
daily readings of tensiometers and by soil sampling for ~isture below 
the range of the tensiometers. 
Aldrich, Work, and Lewis (3) in their studies with pear root con-
centration as related to soil moisture extraction found a positive 
correlation of the amount of water extracted with small root concen-
trations. They noticed that of the t otal moisture extracted from the 
upper 4 feet of soil about J4 per cent was from the top foot, about 
62 per cent from the top 2 feet, and about 84 per cent from the top 
3 feet. Furr and Taylor (22) reported on the basis of their laboratory 
and field data that the rate of water extraction from one part of the 
soil in the root zone was influenced by the moisture content of t he soil 
in other parts of the root zone. As they pointed out, the water supply 
from the subsoil was sufficient to maintain slow growth of orchards 
grown on a loam soil, but there was always a high water deficit when t he 
moisture content of the topsoil was rela t i vely low. 
Moisture availability to plants 
There is a considerable disagreement as to whether or not water i s 
equally available to plants over the entire soil moisture range from 
field capacity to the wilting percentage. Veihmeyer and Hendrickson 
(58, 59) have repeatedly stated that water is either available or is not 
available to plants, and that it is equally available over the entire 
range from fiel<i capacity down to the wilting point, where it becomes 
unavailable for growth. They have reported results of experiments con-
ducted with peaches, pears and prunes (26, 27, 28, 29) in which their 
growth and quality have not been affected significantly by the moisture 
content of the soil unless it fal l s to the wilting percentage and 
remains there for some days. Similar results have been reported by 
Magnes, Degman, and Furr (37), Deneen (19), Beckett, Blaney, and Taylor 
(8) and others (20, 21, 30). 
On the other hand, results of other investigators cast doubt on 
the view that water is equally available over the entire range. Aldrich 
ana Work (2), Lewis, Work, and Aldrich (34), Furr and Taylor (22), 
Wadleigh and Ayers (62), Taylor (52) and others (4, 9, 16, 18, 25, 32, 
35, 41, 46, 64) have obtained results that are out of harmony with 
those of Veihmeyer and Hendrickson. 
Observations extending over a number of years in deciduous fruit 
orchards in California, as well as in experimental plots at Davis, 
California, lead Veihmeyer and Hendri ckson (59) t o the conclusion that 
the soil-moisture supply may fluctuate between wide limits without 
measurably affecting the growth of the tree or the yield and quality 
of the fruits. This range of fluctuation in the moisture of t he loam 
soils on which the experiments wer e conducted was between the maximum 
field capaci ty and t he calculated wilting coefficient. Similar results 
were obtained by Veihmeyer and Hendrickson (58) on their s t udies with 
young prune trees in large cyli ndri cal galvani zed iron containers. 
The soil used was a clay loam soil with a moisture equivalent of 22 per 
cent and a wilting coefficient of 11.9 per cent. In some cases the 
moisture content was allowed to fluctuacte through a slight range while 
others were aliowed to fluctuate through a much greater range. Accord-
ing to their results there is apparently no relation between soil 
moisture content and the stem length growth of the trees. 
Beckett, Blaney and Taylor (8) carried out irrigation experiments 
with citrus and avocado trees, on a sandy loam soil in San Diego 
County, California. They obtained a full season record of the soil 
moisture fluctuations and the rate of moisture extraction from the soil 
at various depths by frequent soil sampling . Their conclusions are 
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that as long as the soil moisture is above the wilting point, the 
moisture content has no measurable effect on the rate of moi sture ex-
traction, that is, moisture is as readily available when the moisture 
content is one-third or two-thirds of the way between field capacity and 
the wilting point as it is in the thoroughly moist soil after irrigation. 
They also stated that there is no increase in the rate of extraction 
from the lower depths as soon as the available moisture in the top foot 
has been exhausted. 
Doneen (19) observed the effects of moisture treatment on the 
growth of sugar beets. The tests were conducted on Yolo loam soil with 
three different irrigation level s. 
The soil moisture data presented shows that the available moisture 
in the high moisture plots was about 9.5 per cent depleted from the sur-
face 2 feet of soil on 2 occasions during June and July. Subsequent 
irrigation applied to this treatment did not raise the moisture content 
in the 2 to 3 foot soil interval above the halfway point on the avai lable 
range except for a period during t he first half of Ser tember. Depths of 
water applied were not reported. He stated that t he growth of sugar 
beets is independent of soil moisture as long as readily available water 
is present in the soil; or the mass of soil in contact with the roots is 
maintained above the permanent wilting percentage. 
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Magnes, Degman, and Furr (37) reported that the growth rate of the 
fruits of aople trees growing on silt loam or silt clay soils is gener-
ally not measurably reduced by decreasing soil moisture until at least 
the driest part of the root zone approached the wilting percentage. 
Similar results were obtained by Hendrickson and Veihmeyer (29) in their 
studies with pears, peaches, and prunes on a Yolo l oam soil at Davis, 
California>under two different soil moisture levels. They noticed no 
effect of the different soil moisture levels upon the size and yield of 
fruits. 
Deneen, Porte~ and Mac Gillivray (21) reported some irrigation 
experiments conducted with watermelons on a Yolo fine sandy loam to loam 
soil at Davis, California. Three irrigation treatments were used in 2 
years and in 1938 a fourth one was included. They observed in 1935 
and 1938 that the fruit size was slightly affected by the irrigation 
treatments but in general there were no significant effects of the 
irrigation on days of maturity, shape ratio, and yield. 
The germination of vegetable seeds under different soil moisture 
conditions was studied by Deneen and MacGillivray (20). They observed 
that vegetable seeds give a satisfactory field germination percentage 
over the entire range of available soil moisture with the exception of 
lima beans, beets, celery, lettuce, peas and New Zealand spinach which 
germinated less than 50 per cent near the permanent wilting percentage. 
Baumann ( 7) reported that his studies in water supply t o crop 
plants showed the possibility of equally high yields in spite of a 
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different water supply. The author advances a constitution theory in 
which he states that the water requirement of the plant during the whole 
growth period depends on the water supply to which the plant adapts it-
self during the early growth stages. Thus, the plant might be capable of 
adapting to a relatively xerophytic or hygrophytic constitution. 
Adams, Veihmeyer, and Brown (1) reported some irrigation experiments 
conducted on Acala cotton in the San Joaquin Valley of California during 
the years 1926 to 1935. One of the experiments was carried out at 
Shafter, California on a sandy loam soil with moisture equivalent of 10 
per cent and permanent-wilting percentage of 3.5. Five main irrigation 
treatments were used for the 4-year period of 1926 to 1930. In one of 
the treatments the average moisture content of the top 5 feet of soil 
was allowed to fluctuate halfway between field capacity and the permanent 
wilting percentage. In the other treatments the plants were allowed to 
reach various degrees of wilting before being irrigated. The results 
show that continuously available moisture produced the largest yields 
and that the least favorable yields were produced in the treatment 
where the cotton plants were allowed to wilt at 9 a . m. before irrigation. 
Similar cotton irrigation investigations (l) were conducted during the 
years 1932 to 1935 on a Panache adobe soil with a moisture equivalent 
of about JO to J5 per cent and permanent wilting percentage of 16 to 18 
per cent. Twelve irrieations treatments were included with soil samples 
taken to a depth of 6 feet for moisture determinations. The results 
are in agreement with those obtained at Shafter previously. Frequently 
irrigated treatments maintained an approximately constant rate of main 
stem elongation later in the season than any of the other treatments, and 
made the largest length growth. In both years 1932 and 1933 the yields 
in the frequently irrigated plots, in which the soil moisture was 
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generally maintained above the permanent wilting percentage were signifi-
cantly higher than treatments in which the soil moisture reached or close-
lyapproach•dthe permanent wilting percentage in at least the upper 3 
feet by the end of August. In contrast to those experiments previously 
reported similar investigations carried out on a Panoche clay loam dur-
ing 1934 and on Hesperia fine sandy loam during 1935 (1) showed no sig-
nificance difference between the yields of seed cotton per plant or per 
plot among the different irrigation treatments although there was some 
significant difference in the main stem length growth. 
The effect of soil moisture content on the growth and fruiting of 
apple trees was studied tr~ Howlett (30), on Wooster silt loam ·soil at 
Ohio Experiment Station. The soil mass beneath the trees was isolated 
by galvanized iron cylinders 40 feet in diameter extending to a depth 
of 30 inches. Soil cores were taken at 6 feet from the trees and to a 
depth of 4 feet to determine its moisture content. The data indicated 
that the moisture content was reduced nearly to the wilting point with-
out significantly affecting the rate of growth of the fruit. However, 
as he pointed out the fruits on the trees subject to a continuously 
high soil moisture content were the largest ones during the )-year 
period. Different results were obtained by Lewis, Work and Aldrich (34) 
in their studies of the influence of soil moisture upon the rate of 
growth of pears. The ~rk was conducted on a heavy clay adobe soil at 
Medford, Oregon during the years 1930 to 1932. They stated that the 
data furnished definite proof that the rate of growth of pear fruits is 
markedly affected by comparatively small variations in the moisture 
content of the soil, even when the moisture content of the root zone is 
well above the wilting point. As they reported, the r.rowth of the fruit 
of pears trees in this heavy soil is reduced whenever the soil moisture 
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in the major portion of the root zone is reduced below 70 per cent of the 
available capacity. Similar results were reported by Aldrich and Work 
( 2) working with trees, soil and technique similar to the previous ex-
periment reported. They pointed out that both this and previous results 
show that on heavy clay soil, rate of fruit enlargement is sensitive to 
the amount of available soil moisture and is an index of water avail-
ability to the tree. 
Furr and Taylor (22) in studies with lemon trees, found that the 
trees suffered sufficient water deficit to cause a reduction in final 
size of the fruit before the moisture content of the top foot of soil 
was reduced to the wilting range. 
Taylor (52) in studies with established stands of alfalfa, 
potatoes and sugar beets in Logan, Utah, found a highly significant 
decreased in yields with increasing integrated soil moisture tension. 
The data indicated that an increase of 1 atmosphere mean integrated soil 
moisture tension within the range of 0.4 to 4 atmosphere reduced the 
yield of established stands of alfalfa between 0.65 and 0.27 tons per 
acre per year and those of sugar beets decreased from • 78 to 2.45 tons 
per acre per year. It was evident from the results obtained that 
potatoes respond favorably to high moisture content if the soil is well 
drained and aerated. Schneider and Childers (48) pointed out that a 
marked reduction in apparent photosynthesis and transpiration and an 
increase in respiration before wilting was evident in young apple trees. 
Davis (17) on his work with nut grass found a highly significance 
difference in the number and weights of tubers developed between S 
different moisture levels used. 
In studying the daily growth of maize, Loomis (JS) observed a 
check in growth if the water suppl y at the growing point was reduced 
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due to direct sunlight, deficient soil moisture, and low relative humidi-
ty. Davis ( 16) reported that the growth of young maize plants was slowed 
by decreasing soil moisture and was stopped when the soil moisture per-
centage was still above the wilting percentage. Heck (25) working with 
sugar cane plants on a Waipio soil in Hawaii found that when the soil 
moisture tension reaches a point from 25 to 40 centimeters of mercury 
~ 
the growth of the plants was slow "down or even stopped. 
The effect of soil moisture stress on the growth and rubber content 
of guayule was investigated by Hunter and Kelley ( 31) on Delano sandy 
loam soil near Shafter, California. The differential moisture treatments 
produced significant or highly significant shrub-growth differences, but 
no significant differences were found in the amount of rubber produced. 
A similar experiment was conducted by Wadleigh, Gauch, and Magistad (64) 
on the effect of soil salinity and irrigation regime upon the growth and 
rubber accumulation in guayule. Their work indicated that growth of 
guayule plants was inhibited by increased degree of depletion of the 
available soil moisture prior to irrigation. They found a marked 
decrease in yield of rubber per plant with increasing soil salinity and 
moisture tension. Wadleigh (61) states that as a plant removes water 
from a soil, the water stress upon the root system i~ continually in-
creasing. Since this stress can not be maintained constant, the ratio 
of change of stress with time should be ascertained. 
Irrigation experiments on sweet corn have been reported by Mac 
Gilli vray ( )6) • Two varieties, Golden Bantam and Oregon Evergreen were 
grown under 4 different irrigation treatments at Davis, California. 
They found that the yields and growth of sweet corn was proportional to 
the amount of irrigation water added and that the size of many ears was 
of no market value when the moisture supply was limited. Campbell (13) 
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pointed out that if the corn plant has adequate moisture supply until the 
grain is in the early roasting ear stage, soil moisture depletion there-
after will not retard maturity, nor will yields be appreciably decreased 
by such depletion. 
The ralationship between exudation from detopped plants and soil 
moisture content was studied by Army and Kozlowski ( 4) • On their 10 rk 
performed on tomato, corn, tobacco, and bean on a Merimac fine sandy loam 
and Suffield silt at Massachusetts, they observed that a total of approxi-
mately 60 per cent of soil moisture in the range from wilting percentage 
to moisture equivalent appeared to be unavailable to detopped root 
systems. Similar results have been reported by Kramer (32) in his 
studies with detopped plants of coleus, sunflower and tomato. He con-
cluded that apparently 45 per cent of the water in the range from 
moisture equivalent to wilting percentage is unavailable to detopped root 
systems. 
Dolgov {18) determined soil moisture availability to the plant by 
measuring the rate of transpiration of oat plants. He found that the 
rate of· transpiration was greatest at field capaci ty and decreased to a 
minimum at the wilting point. This seems to be in disagreement to the 
results Veihmeyer and Hendrickson (58) obtained in young prunes trees 
growing in cylindrical iron containers. They found that there is 
apparently no relation between soil moisture content and transpiration 
per unit leaf area. 
In the study of the effect of soil moisture upon growth of bean 
plants, Wadleigh and Ayers (62) observed a decrease in growth and yields 
of beans as soil moisture stress was i ncreased upon additions of Na Cl 
to the soi l. Wadleigh and Gauch (63) found that leaf elongation in 
cotton plants virtually ceased at high soil moisture stress and resumed 
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when the stress was lowered by irrigation. 
Blair, Richards and Campbell (9) measured the elongation of sun-
flower plants in relation to soil moisture depletion. They found that 
the rate of stem elongation was markedly reduced before half of the avail-
able water was depleted. The rate of stem elongation dropped to zero 
during extraction of the last quarter of the available soil water and 
before attainment of the permanent wilting percentage. 
Robins and Domingo ( 46) found that moisture depletion to near the 
wilting pe~centage by field corn at certain physiologic growth stages 
markedly reduce grain yields. They ~eported that such deficits for 
pe~iods of one or two days during the tasseling or pollination period 
resulted in as much as 22 per cent yield reductions. 
Cordne-r ( 15) concluded on the basis of his data on corn that 
irrigations applied first at silking time and later while the ears are 
developing are most likely to be beneficial for growth and yields. 
Taylor and Haddock (54) have presented a new concept of moisture 
availability to plants which they called the water extracting require-
ment. They defined it as the work per unit time that must be exerted 
by plants to remove water from the soil at a rate sufficient to prevent 
wilting. Based on this theory the following predictions were made: 
1. For a time following an efficient irrigation more water 
will be removed from shallow depths where root concen-
trations are higher and the average distance water 
must move is less. 
2. When moisture tension has increased at the shallow depths 
to a point that the work required to remove water from 
these depths is as great as t hat required to move water 
the greater distance at lower depths, equal water will 
be removed from shallow and deeper depths. 
). A soil moisture tension gradient characteristic of plant 
root distribution will be required in order for equal 
water to be removed from all depths during the same time 
interval. 
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They measured the soil moisture removal from field plots of alfalfa 
and sugar beets. On the basis of the data obtained along ldth similar 
data for potatoes and peas, they concluded that the availability of water 
to plants is .closely related to moisture extraction requirement. The 
data also indicated that the moisture might be reduced to the wilting 
point at the surface of the soil but sufficient water for limited growth 
would be available from lower depths. 
Moisture ~ fertility interaction 
Peterson and Ballard (41) conducted an experiment at Logan, Utah, 
in which they studied the effect of fertilizer and soil moisture upon 
the growth and yield of sweet corn. A factorial design of experiment 
with 16 fertilizer combinations and 3 moisture levels was used. The 
irrigation treatments in a soil initially filled to field capacity to a 
depth of 6 feet were as follows: 
1. Irrigated when tension was not over 300 em. of water 
at 6 or 12 inches depth whichever dried first. Seven 
irrigations applied. 
2. Irrigated when the most active root zone reached 
about one-half permanent ldlting. Three irrigations 
applied. 
3. Irrigated when the soil moisture in the active root 
zone approached wilting. Two irrigations applied. 
Tensiometers and gypsum resistance blocks were placed at different depths 
to indicate the soil moisture content. They observed that the plants on 
the plots with no nitrogen and high moisture were tall, spindly and 
light in color indicating nitrogen defficiency. Those of the dry plots 
were short and spindly in contrast with the tall plants on the wet plots. 
The highest ear and stover yields were obtained from the high moisture 
and heaviest rate of nitrogen used (200 pounds per acre). The data 
showed that phosphate and potash alone or in combination with each other 
or nitrogen had no measurable effect on the characteristic studied. 
Similar results were obtained by Nielson (39) in his fertilizer 
irrigation trials conducted under similar conditions. Nielson found a 
significant interaction of nitrogen and moisture on the growth and yield 
of sweet corn when the data was adjusted to a uni.fonn number of ears per 
plot. 
Singleton, ~ (50) reported that in t heir experiments at the 
Columbia Basin Project a more efficient use is made of the fertilizers 
applied to sweet corn where the soil moisture is not limiting the plant 
growth. Larson, Viets and Leamer (33) found similar results in their 
studies with field corn at the Umatilla Irrigation Project. In experi-
ments conducted on a loam sandy soil during the years 1946 to 1947 they 
obtained an excellent response to heavy applications of nitrogen where 
the soil moisture content was maintained at high levels. They noticed 
no response to phosphorus and potash applications. 
Haynes ( 24) grew corn plants in the greenhouse under 5 different 
irrigations treatments and fertilizer applications. He concluded that 
under conditions of high soil fertility and good soil aeration, rates of 
vegetative growth increased markedly with increasing soil moisture al-
most to saturation. 
The effects of soil moisture, plant population, and nitrogen 
fertilization on the sugar content and yields of sugar beets in Utah 
were studied by Haddock (23). He conducted these experiments on Milville 
fine sandy loam in 1946 and Mi.lville silt loam in 1947 under 4 moisture 
treatments and 3 nitrogen levels. The data showed that highest yields 
of beets and sugar were obtained with high moisture treatments under 
high plant density and high fertility. 
Scofield (49) grew alfalfa in galvanized iron cans under 3 
16 
different irrigation regimes. Fertilizer treatments were included in a 
second trial. It is obvious from the data presented that the alfalfa 
plants made more growth in those cans frequently irrigated, and that in 
those sub-irrigated continuously the growth was far the best. In the 
second trial the plants receiving fertilizers yielded 33 per cent more 
than the ones not receiving fertilizers. 
Moisture extraction and its relation to weather factors 
Among the first to use evaporation data to indicate irrigation 
requirements were Mortensen and Hawthorn (38). They made irrigation 
applications according to the evaporation accumulated to certain limits. 
Thornthwaite(56) has used temperature as criteria of determining the 
consumptive use of plants. Similarly Penmann (40) has proposed the use 
of solar radiation and wind data as criteria and Blaney and Cridle have 
used per cent daylight hours and temperature (10). 
Ashcroft and Taylor (5) correlated the water removal from the soil 
as measured with tensiometers and calibrated gypsum blocks with solar 
radiation, evaporation, temperature x solar radiation and temperature 
alone. They found that there is a real possibility of calculating the 
amount of irrigation water required from weather data. Solar radiation 
and open tank evaporation appear to show the greatest probability of 
giving eood results. Since solar radiation is measured in only a few 
locations there exists a distinct advantage in using open tank evapora-
tion data which is more easily obtained. 
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Conclusions from the literature reviewed 
1. There is considerable disagreement on the availability of water 
to plants over the soil moisture range from field capacity to the per-
manent wilting percentage. 
2. A large number of irrigation experiments have been conducted 
with fruit trees principally on coarse to medium textured soils ranging 
from fine sand to loam. 
). In most of the experinents reported the soil moisture deter-
minations have been made by soil sampling to predetermined depths. 
4. In general the most of the irrigation treatments employed 
included one in which the soil moisture was kept continuously above the 
permanent wilting percentage, and in the other treatmants the soil moist-
ure was allowed to fall to the permanent wilting percentage for various 
numbers or lengths of time at predetermined soil depths. 
S. Plant growth is favored by an ample supply of available 
moisture, but other plant characteristics may respond to moisture supply 
in different ways. 
6. Soil fertility, weather conditions, plant rooting habits and 
plant transpiration characteristics may modify the results obtained in 
soil moisture experiments under different conditions . 
1. Most reports of investigations have not given much information 
on the extent and depth of the root system of the crops studied or the 
amount of water extracted from the different depths of the actual root 
zone. 
8. Soil moisture treatments providing a compari son between various 
degrees of moisture depletion in the available range by the growing 
crops were not emphasized. 
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METHOIS OF FIELD EXPERIMENT 
Description of ~ 
The experimental area was located on the Evans forage crops farm of 
the Utah Agricultural Experiment Station, near Logan, Utah. The soil is 
classified as a Salt Lake silty clay loam. The moisture release curve 
of t .his soil can be represented by the equation 
Pv = 36.2 T -.lS6 
where Pv is the per cent water by volume and T is the soil moisture 
tension. This soil looks like a clay loam below lB inches depth. No 
indications of the water table were observed down to a depth of S feet. 
The average bulk density of the top foot of soil was 1.4 grams per c. c. 
The moisture retained at an equivalent tension of 0.33 atmospheres in 
the pressure plate apparatus was taken as the representative field 
capacity of this soil (57). The values obtained on a dry-weight basis 
were )u.S per cent at field capacity and 15.4 per cent at the permanent 
wilting percentage, figure 1, as determined by the sunflower plant 
method (60). 
The sodium bicarbonate soluble phosphate1 of this soil was about 
21 pounds per acre. The land had not been used for a year after being 
planted 1li th grains the previous year. 
Experimental plan 
A split plot type of experimental design was used, there being a 
total of 72 plots. There were 6 plots in each block and 3 in-
complete blocks within each replication. Four replications were set 
1. Courtesy of J. P. Thorne, Soil Conservation Service Laboratory, 
U. s. Dept. Agr., Logan, Utah. 
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along the length of the field. The plots were five rewa (15 feet) wide, 
and 10 feet long. Seven border rows were left between each block within 
each replication with 20 feet of border at both sides of each replication. 
Ten guard rows were left on each side of the experiment. The entire ex-
periment covered an area of about 190 feet wide by 240 feet long. 
Six fertilizer combinations were used in which there were 3 levels 
of nitrogen and 2 of phosphate at 3 different moisture levels (table 1). 
Ammonium sulphate and treble superphosphate were used as the source of 
nitrogen and phosphorus respectively. Corn experiments conducted in 
this area have shown no response to potash fertilizer. Consequently, 
it was assumed that the available soil potash was adequate for maximum 
growth. All fertilizer treatments were broadcasted over the plots and 
incorporated into the soil by harrowing. They were applied the same 
day before the corn was planted. 
At planting time the soil moisture was at or near field capacity 
from the surface to at least 5 feet depth. Three moisture levels were 
planned as follows : 
1. Irrigate when three-fourths of the available water has been re-
moved from the root zone (hereafter referred to as "low" moisture treatmento 
2. Irrigate when one-half of the available water has been removed 
f.rom the root zone (hereafter referred to as 11medium11 moisture treatment). 
3. Irrigate when one-fourth of the available water has been removed 
from the root zone (hereafter referred to as 11high11 moisture treatment). 
There were 6 fertilizer plots in each of the moisture blocks, thus 
giving 1 complete moisture block for each moisture level in each re-
plication. Two irrigation furrows were placed between the rows in order 
to wet the surface soil readily without excessive deep percolation. 
Rubber tubes were used as flow controls for each furrow. Feeding ditches 
Table 1. Moisture and fertilizer treatment combinations used in the 
field experi.ment with sweet corn 
Moisture Nitrogen P205 
Treatment level pounds per acre pounds per acre 
1 1* 0 0 
2 1 0 40 
3 1 80 0 
4 1 80 40 
5 1 160 0 
6 1 160 40 
7 2* 0 0 
8 2 0 40 
9 2 80 0 
10 2 80 40 
11 2 160 0 
12 2 160 40 
13 3* 0 0 
14 3 0 40 
15 3 80 0 
16 3 80 40 
17 3 160 0 
18 3 160 40 
* 1 - Low moisture level 
2 - liedium moisture level 
3 - High moisture level 
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were used as equalizing bays by means of turn out structures located at 
the end of each block. Parshall flumes were placed at the head ditch and 
drainage ditch of each replication to measure the inflow and outflow of 
water applied to the blocks during each irrigation. 
A sweet corn hybrid, F. M. Cross, was planted with a 2-row corn 
planter on May 21, 1955. The planter was set t o place the seeds 8 inches 
apart in the row and 36 inches apart between rows. Tr.e stand obtained 
was about 17,400 plants per acre. 
The entire experiment was cultivated when the plants were about 6 
inches tall. From there on, weeds were erradicated as they appeared. 
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Moisture control and irrigation 
Four different types of soil moisture measuring devices were used 
in this experiment. One set of tensiometers ( 43) was installed at 6, 
12, and 18 inch depths in the highest fertility plots of the "high" 
moisture blocks in each replication. Gypsum resistance blocks with 
screen electrodes (11) locally manufactured were placed from 6 to 42 inch 
depths at intervals of 6 inches in the highest and lowest fertility plots 
of each moisture block on the 4 replications. The plug type of gypsum 
resistance blocksl were placed from 6 to 42 inches deep at 6 inches 
intervals in the highest and lowest fertility plots of the "low" moisture 
blocks on each replication. One irrigage stake2 consisting of 4 gypsum 
blocks at 6, 12, 18, and 24 inch depths was placed in each of the 
highest fertility plots of each moisture block in all the replications. 
All these units were placed in the row between two corn plants. Due to 
some misunderstanding of the experimental plan all the moisture measuring 
devices were not placed in the highest and lowest fertility plots as was 
planned. 
The readings of the units installed in the 11high11 and "medium" 
moisture blocks were made every two days, those of the "low" moisture 
plots every four days. All the readings were made from 6 to 8 a. m. 
The Bouyoucos Wheatsone bridge (12) was used to take the readings of 
both types of gypsum resistance blocks and the irrigage bridge) to read 
the stakes. Temperature readings were taken in the top foot of soil 
near each set of moisture measuring devices every time the units were 
read. All block resistance readings in the top foot of soil were 
converted to the equivalent resistance readings at a temperature of 60 
l, 2, ). Units developed by the Rayturn Machine Corporation Portland, 
Oregon. 
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degrees Farenheit. All the corrected resistance readings were converted 
to atmospheres of tension by means of calibration curves made for each 
type of unit. The calibration curves for both types of blocks were 
made from data obtained in the pressure membrane apparatus (42) and 
frequent soil sampling of the field after the units were installed. The 
irrigage stakes were calibrated by means of soil samples taken after the 
units were placed in the fieldQ 
The different moisture levels were imposed from June 27 until 
harvest time. The "high", "medium" and 11 low1' moisture plots were irri-
gated when the integrated soil moisture tension in the actual root zone 
(51) reached the preassigned value of 0.7, 2.2, and 8.2 atmospheres, 
respectively. All the plots within an irrigation treatment were irri-
gated on the same day that irrigations were done. 
Due to some difficulties encountered, the resistance unit 
calibration curves were not ready at the time the irrigations were 
started. So, it was not possible to integrate the soil moisture tension 
before the irrigations were made as was planned. Therefore, irrigations 
were predicted based on the average tension read by the different soil 
moisture devices in the actual root zone. The dates and depths of 
_irrigation applied according to the different moisture levels are 
presented in table 2. It shows that a total of 9, 4, and 3 irrigations 
were applied to the "high", 11medium11 , and "low" moisture plots, res-
pectively. Light applications of water were applied to the "high" 
moisture plots on June 27 and to the "high" and "medium" moisture pl ots on 
JUly 2. The depth of water applied was not measured because the 
Parshall flumes were not installed at this time. Of the total depth of 
irrigation applied to the "low" moisture plots on August 23 (table 2), 
only about one inch was used by the crop . 
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The soil moisture data was taken on I. B. M. cards and analyzed in 
the Statistical Laboratory. The total integrated tension in the root 
Table 2. Dates and depths of irrigation of 3 moisture treatments in the 
sweet corn field experiment 
Day 
June 27 
July 2 
July 8 
July 1.5 
July 19 
July 2.5 
July 29 
Aug. 5 
Aug. 17 
Aug. 23 
Total 
"High" 
inches 
1.~ 
1.~ 
2.47 
1.90 
3.04 
2.90 
2.36 
3.86 
6.80 
22.33 
* Depth of irrigation was estimated 
Moisture treatments 
nMedium" "Low" 
inches inches 
l.Oit 
-
4.61 
4.70 
4.29 5.13 
6.42 
10.87 
16.41 20.61 
zone (51) was calculated at every two or three day intervals in the "high" 
moisture plots and at every three or four day intervals in the "medium" 
and "low" moisture plots. The same time intervals were used to calculate 
the water extracted from each depth and the total from the root zone for 
each moisture treatment. 
The power required to remove water from the soil was determined for 
each depth and the total for the entire root zone using the equation 
developed by Taylo~ and modified to be used on the I. B. M. 
w ~ = ~(CTV .j.~gh) 12f. (CTV f. cogh)~ £ 
where w is the average work required per unit volume of water extracted 
1. Taylor, S. A. A dynamic basis for moisture availability. Unpublished 
report. Dept. of Agron., Utah State Agr. Col., 1955. 
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from the soil, dv is the volume of water extracted per unit time, C is a 
crt 
soil parameter that depends upon the soil moisture retention curve and 
upon the units used for measuring tension and volume, T is the soil 
moisture tension, V is the per cent of water by volume,~ is the density 
of bulk water, g is the force of gravity, and h is the soil depth. The 
subscripts l and 2 refers to the time intervals concerned. 
The figures presented in tableiS 3, 4, and 5 are averages of a total 
of 8 sets of the screen type of gypsum blocks installed in the 4 
replications. 
The source of the irrigation water was the Blacksmith Fork. The 
analysis (55) of this water shows a conductivity of 380 micromhos per 
em. (EC X 106) and a ~Sodium percentage of 4. It is classified as lA, 
i.e., safe of salinity and alkali hazards. 
Harvest 
The corn was harvested dl.ll'ing the days of August 31 to September 
). The "high" moisture lfith 16u po'und of nitrogen applied were the 
first to be harvested. The plots without nitrogen application at the J 
moisture levels were harvested the last day of the harvesting period. 
All the stover was harveste_~ on September 4. Three of the center rows 
of each plot were used for yield determinations. The section picked was 
5 feet long comprising a total area of 45 square feet per plot. 
Yielda were calculated as tons of ears and stover per acre. 
The average height of the plants in each plot was recorded. 
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RESULTS OF FIELD EXPERJJAENT 
The soil moisture data for each moisture treatment throughout the 
whole growing season is presented in tables 3, 4, and 5. The integrated 
tension, the 110rk per day, and the water extracted from each 6-inch 
depth interval down to 42 inches in the high moisture plots during the 
growing season are presented in table 3. The column of totals present 
the total integrated tension in the root zone, the total water extracted 
by the plant from the entire root zone in a given period of time, and 
the work per day required to remove this water. Table J shows that no 
water was extracted from the soil below 12-inches depth before the day 
195. It also shows that as the season progressed the roots removed 
water from lower depths of the soil . It may be observed that as the 
tension in the upper depths of the soil increases, the work per day re-
quired to extract water from the soil was increased. Consequently more 
water was extracted from deeper depths where the tensions were lower 
and the work required to remove the water was less. The data shows that 
no water was extracted below the )6-inches depth. 
The soil moisture data of the "medium" moisture plots is presented 
in table 4. In general, the data shows a similar pattern to that of the 
"high" moisture plots. It can be observed that as the tension increases 
in the upper depths of the soil, the "WOrk per day required to remove the 
water was increased and rore water 1'm.S extracted from deeper soil depths 
where the tensions were lower and the 110rk required to remove the water 
was less. Practically no water was extracted below 36-inches depth of 
soil. 
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Table 3. Integrated tension, work per day, and water extracted from 
different soil depths in the root zone of the "high" moisture 
plots during the growing season 
Time in- Detth below soil surface (inches) . 
terval Item 6 2 IB 24 JO Jo 42 Total 
17.3-H- T* 0.5 0.3 0.2 0.1 0.1 0.1 0.1 1.4 
P* 
w 
174-175 T 0.6 0.2 0.1 0.1 0.1 0.1 1.2 
p 0.002 0.002 
w 0.02b 0.026 
176-177 T 0.8 0.2 0.1 0.1 0.1 0.1 1.4 
p 0.004 0.002 0.006 
w o.o4o 0.050 0.096 
178 f 0.4 0.2 Oo1 0.1 0.1 0.9 
p 
w 0.1294-
179-180 T 0.4 0.1 0.1 0.1 0.1 0.8 
p 0.006 0.006 
w 0.134 0.134 
181-182 T o.s 0.2 0.1 0.1 0.1 1.0 
p 0.002 0.003 o.oos 
w 0.061 0.12U 0.181 
18)-184 T 0.4 0.1 0.1 0.1 Ool 0.1 0.9 
p 
w 0.231"-
185-lBo T 0.6 0.2 0.1 0.1 0.1 1.1 
p 0.017 O. U17 
w 0.172 0.172 
187-188 T 1.1 0.2 0.1 0.1 1.5 
p 0.008 o.ooo 0. 014 
w 0.122 0.093 0. 215 
189-191 T 0.6 0.3 0.1 0.1 0.1 0.1 1.3 
p 
w 0.28~ 
192-193 T 1.0 0.3 0.1 0.1 1.5 
p 0.008 0.005 o. o13 
w 0.084 u.l40 0.224 
194-195 T 3.1 o.B 0.1 0.1 o.1 0.1 4.3 
p 0.032 0.012 O.OC)) 0.003 o.oso 
w 0.134 0.089 0.132 0.132 0.487 
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Cont. Table 3. 
Time in- Depth below soil surface {inches) 
terval Item 6 I2 IB 24 )O jo 42 Total 
196-197 T 1.7 0.6 0.1 0.1 2.5 
p 
w 0.712~ 
198-199 T 2.4 1.2 0.3 0.1 o.1 4.1 
p 0.014 0.012 0.01.4 0.040 
w 0.515 0.148 0.410 0.673 
200-201 T 1.3 0.5 0.2 0.1 0.1 2.2 
p 
w 0.760l. 
202-203 T 1.6 0.9 0.2 0.1 o.1 0.1 3.0 
p 0.006 0.011 0.014 0.031 
w 0.067 0.125 0 • .349 0.541 
204-205 T 3.1 2.0 0.8 0.1 0.1 0.1 0.1 6.3 
p 0.025 0.018 0.012 0.008 0.063 
w 0.127 0.113 0.144 0.231 0. 615 
206-207 T 1.2 1.3 0.7 0.1 0.1 o.1 0.1 3.6 
p 
w 0.685+ 
208-209 T 1.3 1.3 1.0 0.3 0.1 0.1 4.1 
p 0.003 0.003 0.005 0.008 Oo019 
w 0.067 0.072 0.132 0.172 0.443 
210-212 T 0.3 0.3 0.2 0.2 0.1 0.1 1.2 
p 
w o. 72$l. 
213-214 T 0.5 0.4 0.4 0.2 0.1 0.1 0.1 1.9 
p 0.005 0.005 0.005 0.009 0. 024 
w 0.097 0.077 0.095 0.158 0.427 
215-216 T 1.1 0.7 0.5 0.4 . 0.2 0.1 o.1 3.1 
p 0.009 0.004 0.005 0.012 0.012 0.042 
w 0.071 0.038 0.059 0.149 0.304 0.621 
217-219 T 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.9 
p 
w 0.878+ 
220-~21 T 0. 3 0.3 0. 3 0.3 0.1 0.1 0. 1 1.5 
p 0. 006 0.005 0.006 0.010 0. 027 
w 0.140 0.126 0.131 0.214 0. 611 
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Cont. Table 3. 
Time in- Depth below soil surface ~inches~ 
terval Item 6 I2 IB 24 j 3 42 Total 
222-223 T 0.5 0.4 0.3 0.4 0.3 0.1 0.1 2.1 
p 0.005 0.004 0.004 0.005 o.m 0.027 
w 0.087 0.078 0.098 0,092 0.21 o • .S69 
224-226 T 0.6 0.5 0.5 0.4 0.3 0.1 0.1 2.5 
p 0.003 0.003 0.004 0.006 0.004 0.020 
w 0.052 0.046 0.099 0.088 0.118 0.403 
227-228 T 0.9 0.7 o. s 0.4 0.4 0.1 0.1 3.1 
p 0.006 o.oo.s 0.004 o.oos 0.008 0.011 0.039 
w 0.053 0.043 0.053 0.081 0.120 0.260 0.610 
229-230 T Oo2 0.2 0.1 0.1 0.1 o.1 0.1 0.9 
p 
w 0.62~ 
231-233 T 0.2 0.3 o.1 0.1 0.1 0.1 0.1 1.0 
p 0.002 0.003 0.005 
w 0.101 0.132 0.233 
234-236 T o.5 0.4 0.2 o.1 0.1 0.1 0.1 1.5 
p 0.005 0.004 0.003 0.004 0.004 0.190 
w 0.160 0.13.5 0.107 0.135 0.146 0.683 
237-240 T 1.1 0.6 0.4 0.3 0.2 0.1 0.1 2.8 
p o.oos 0.002 0.004 0.004 0.003 o.oos 0.230 
w 0.103 0.010 0.167 0.177 0.148 0.246 0.66.5 
241-242 T 2.2 0.9 o.s 0.4 0.5 0.2 o.1 4.8 
p 0.017 0.006 0.004 o.oo.s 0.011 0.009 0.520 
w 0.086 0.060 0.058 0.080 0.173 0.192 0.649 
243-245 T 3.5 1.9 0.9 0.9 0.9 0.3 o.1 8.5 
p 0.012 0.100 0.006 0.006 0.009 o.oo.s 0.048 
w 0.068 0.087 0.062 0.088 0.127 0.092 0.524 
** 
nay of the year taking January !st. as day no. i, June 23 is day 173 
T* Integrated tension (atmospheres) 
p* Work per day (dynes per inch per day) 
w* Water extracted (inches) 
+ Estimated value 
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Table 4. Integrated tension, work per day, and water extracted from 
different soil depths in the root zone of the "medium" moisture 
plots during the growing season 
Time in- Depth below soil surface {inches) 
terva1 Item 6 I2 I8 24 30 36 42 Total 
17~ T* 0.6 o.3 0.2 0.2 u.l 0.1 0.1 1.6 
p* 
w* 
174-178 T 1.1 0.2 0.2 o.~ 0.1 0.1 0.1 2.0 
p 0.006 o.U06 
\V 0.107 0.107 
179-1tl2 T 1.9 0.3 0.1 0.2 0.1 o.1 0.1 2.8 
F Oooo6 0.003 0.009 
w o.o58 0.229 Oo2tl7 
183-ltl4 T Oo4 0.2 0.1 0.1 o.1 0.1 1.0 
p 
w 0.375-l-
185-188 T 1.1 0.2 o.1 o.1 0.1 0.1 1.7 
p o.ooB 0.004 0.012 
w 0.192 0.260 0.452 
ltl9-191 T 2.2 0.4 0.1 0.2 o.1 0.1 3.1 
p o.on 0.004 0.002 u.uo8 0.025 
w 0.097 0.157 0.144 0.245 0.643 
192-195 T 5.2 1.5 0.2 0.3 0.1 0.1 7.4 
p 0.022 0.012 0.005 0.005 0.044 
w 0.147 0.161 0.256 0.222 0.786 
196-197 T 0.4 0.3 0.1 0.1 0.1 o.1 1.1 
p 
Vi o.882.a. 
198-199 T o.6 o.4 0.1 o.1 Oo1 o.1 1.4 
p 0.005 0.005 o.uo5 0.015 
w 0.083 O.U76 0.168 0.227 
2U0-2U3 T 3.9 2.1 0.7 0.3 0.1 Ool 7.2 
p 0.029 0.018 0.010 o.oo8 0.065 
w 0.231 0.196 0.342 u.312 1.081 
204-205 T 5.3 3.0 1.1 0.5 0.1 0.1 0.1 10.2 
p 0.019 0.018 0.013 o.oo8 0.009 o.o67 
w 0.047 0.060 0.127 0.135 0.3UO 0.669 
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Cont. Table 4. 
Time in- Depth below soil surface io inches) 
terval Item 6 I2 IB 24 jo 42 Total 
2o6-207 T 0.3 0.3 0.1 0.1 o.1 o.1 0.1 1.1 
p 
w o.81~ 
208-212 T 0.7 u.s 0.3 0.2 0.1 0.1 1.9 
p 0.004 0.002 0.003 0.003 o.o11 
w 0.127 0.116 0.161 0.168 0.572 
213-216 T 2.6 1.5 0.1 0.4 0.1 0.1 o.1 5.5 
p 0.016 o.o1u 0.006 0.006 0.004 0.042 
w 0.159 0.128 0.163 0.193 0.195 0.838 
217-219 T 3.7 2.1 1.2 o.8 0.2 0.1 0.1 8.2 
p o.ou 0.001 0.006 0.001 o.oos o.o.36 
w 0.062 Oo062 0.062 0.105 0.104 0.395 
220-221 T s.o . 2.9 1.7 1.2 0.3 0.2 0.1 11.4 
p 0.017 0.010 0.008 0.009 o.ou 0.004 0.059 
w 0.039 0.052 0.043 0.094 0.215 0.093 0.536 
222-223 T 0.2 0.3 0.2 0.2 0.2 0.1 0.1 1.3 
p 
w o.s2~ 
224-226 T 0.2 0.3 0.2 0.2 0.2 0.1 0.1 1.3 
p 
w 0.5824-
227-230 T 0.2 0.2 0.2 0.2 0.4 0.1 o.1 1.4 
p 
w 0.67~ 
231-233 T 0.4 0.) 0.3 0.3 0.3 0.1 0.1 1.8 
p o.oo6 0.004 0.003 o.oo4 0.007 0.024 
w 0.184 0.132 u.l24 0.146 0.166 0.752 
234-236 T 1.3 0.6 0.4 0.3 0.4 0.2 o.1 3o3 
p 0.011 0.006 o.ooJ · u.oo3 0.004 0.006 0.0)3 
w 0.109 0.104 0.092 0.087 o.l.4o 0.222 0.754 
237-240 T 2.) 1.6 0.8 o.6 o.8 0.2 0.1 6.4 
p 0.008 0.009 0.005 0.005 0.004 o.uo3 0.0)4 
w 0.076 0.102 u.126 0.096 o.u86 0.162 0.648 
241-243 T ).8 2.6 1.7 1o5 1.2 o.4 0.2 11.4 
p 0.013 0.009 0.010 o.u1o 0.008 0.008 0.006 0.064 
w 0.069 0.092 0.09) Oo119 0.1)6 0.189 0.196 0.894 
32 
Cont. Table 4. 
Time in- Depth below soil surface ~inches) 
terval Item 6 I2 I8 24 )o 3o 42 Total 
244-245 T 4.9 3.3 2.2 2.0 1.~ 0.7 0.2 14.5 
p 0.014 o.u11 O.U09 0.012 0.011 u.oo9 0.010 0.076 
w 0.044 o.u44 u.036 0.054 0.107 o.u88 0.166 0.539 
** Day of the year taking January lst. as day No. 1, June 23 is day 173 
T* Integrated tension (atmospheres) 
P* Work per day (dynes per inch per day) 
W* Water extracted (inches) 
~ Estimated value 
Table 5 shows the soil moisture data of the "low" moisture plots. 
It follows the same pattern of those of the other moisture treatments. 
In this treatment the tensions were allowed to reach higher values than 
those of the 11medium11 and "high" moisture plots. 
In order to get a clear picture of the tension gradient established 
and the pattern of water extraction after an irrigation was done, some of 
the data from table 5 is shown in figures 2 and 3. Figure 2 shows the 
soil moisture tension at different soil depths for different time in-
tervals dur::l,.ng the growing season in the "low'' moisture p.lots. It 
clearly shows that following an irrigation there ''as a greater increase 
in tension in the upper depths of the soil, but as time progressed the 
tensions showed some increase at the deeper depths an~ a tension 
gradient characteristic of the root system was established. In figure 
2 one notices a decrease in the tension in the top foot of soil during 
days 223 to 23U. This was due to a light rainfall during this period of 
time. Apparently the water received from the rainfal.l was not enough 
to moisten the soil below 12 inches depth, as the tension continues to 
increase from 18 inches down to 42 inches depth. In figure 3 is shown 
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Table 5. Integrated tension, work per day, and water extracted from 
different soil depths in the root zone of the 11 lowf' moisture 
plots during the growing season 
Time in- Depth be.i.ow soil surface (inches) 
terval Item 6 I2 IB 24 .30 jo 42 Total 
17% T* 0.6 0.5 0.3 0.2 0.1 0.1 0.2 2.0 
P* 
w* 
174-178 T 0.6 Oo4 0.2 0.1 0.1 0.1 0.1 1.6 
p 0.001 0.001 
w 0.0.32 0.032 
179-lti2 T 1.2 0.4 0.1 0.1 0.1 0.1 0.1 2.1 
p 0.004 0.001 0.005 
w 0.064 0.018 0.082 
183-188 T 3.6 0.6 0.1 0.1 0.1 0.1 4.6 
p 0.012 0.003 0.015 
w 0.147 0.100 0.247 
189-191 T 0.4 0.4 0.1 0.1 0.1 0.1 0.1 1.3 
p 
w 0.33Ql. 
192-195 T 0.9 0.5 0.1 0.1 0.1 0.1 0.1 1.9 
p 0.006 0.003 0.009 
w 0.124 0.052 0.176 
19~199 T 3.9 1.4 0.4 0.2 0.1 0.1 6.1 
p 0.025 O.UOH o.U06 0.039 
y. 0.198 0.112 0.156 0.466 
200-203 T 8.9 4.6 1.4 o.5 0.2 0.1 0.1 15.8 
p 0.033 0.028 o.ol6 0.012 o.u89 
w 0.129 0.188 0.32tl 0.154 0.132 0.931 
2~207 T 0.3 0.4 0.1 0.1 0.1 0.1 1.1 
p 
w 1.oJ6t, 
208-212 T o.6 0.5 0.3 0.2 Oo1 0.1 0.1 1.9 
p 0.003 o.uo1 0.004 0.004 0.002 0.014 
w 0.118 o.o52 0.215 0.281 0.132 0.798 
213-216 T 2.9 1.1 0.5 0.4 0.1 0.1 0.1 5.2 
p 0.019 0.005 0.003 0.004 o.oo1 0.0.32 
w 0.177 0.007 o.o76 0.162 0.048 0.550 
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Cont. Table 5. 
Time in- DeEth below soil surface ~inches) 
terval Item 6 I2 I8 24 jo 3o 42 Total 
217-219 T 3.9 1.9 0.9 0.5 0.2 0.1 Ool 7.6 
p O.OlU 0.008 0.004 0.003 o.oo4 o.uo4 0.033 
w 0.054 0.074 o.o60 o.u41 0.182 U.1tl2 0.593 
220-223 T 7.4 4.9 3.3 1.4 0.4 0.2 0.1 17.6 
p 0.023 0.024 0.021 u.uo8 o.oo8 o.uo7 0.()91 
w 0.093 u.123 0.160 0.092 u.2BO 0.312 l.u6o 
224-226 T 5.5 4.8 3.9 2o) 0.7 Oo3 0.1 17.6 
p 0.010 u.oo7 0.009 0.009 0.005 0.006 0.005 0.051 
w o.u3o U.023 u.037 u.uo6 0.09) o.1tl5 0.138 0.578 
227-23U T 5.6 5.2 4.4 2.8 1.6 0.7 Oo3 20.6 
p 0.004 OoU04 o.uo4 o.ull 0.009 0.005 Oo010 o.u47 
w 0.030 0.017 0.017 o.o62 u.1utl 0.132 u.)61 0.727 
231-233 T 7. 8 5.5 5.3 3.6 2.7 1.4 0.9 27.2 
p 0.021 o.oo6 O.U07 o.uo8 0.011 o.u1u 0.012 0.075 
w o.O:c!4 0.018 0.020 o.u37 o.o68 0.133 u.217 0.517 
234-23o T 0.3 0.4 0.2 0.3 O.:c! 0.2 0.2 1.8 
p 
w 0.30~ 
2J7-24u T 0.3 0.4 0.2 0.2 u.2 0.2 Ool 1.5 
p 
w u.242-lo 
241-243 T 0.4 0.4 0.2 ' 0.2 0.2 0.2 0.1 1.7 
p o.ouJ u.oo2 u.OOl u.uo2 o.ooB 
w 0.111 o.u4tl u.o44 0.027 o.2Jo 
244-245 T 0.5 u.4 0.2 0.2 0.2 0.2 Oo1 1.8 
p 0.003 u.uul o.uo3 u.U03 0.002 O.Ul2 
Vi 0.052 u.o2o u.u61 o.u45 0.045 0.223 
** 
Day of the year taking January lst. as day Uo. 1, June 23 is day 113. 
T* Integrated tension (atmospheres) 
~ Work per day (dynes per inch per day) 
w* Water extracted (inches) 
• Estimated value 
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Figure 2. Soil moisture tension in the root zone of the low moisture plots during 
a time interval between irrigations 
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Figure ). Water extracted from the root zone of the low moisture 
plots during a time interval between irrigations 
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the amount of water extracted from the different depths of the root zone 
at certain time intervals during the growing season in the "low' moisture 
plots. It shows that following an irrigation more water was extracted 
from the upper soil depths than from the deeper depths. As t he time 
progressed more water was extracted from the deeper depths. Reference to 
figure 2 and table 5 will show that during the time interval that more 
water was being extracted from the deeper depths a tension gradient had 
been established and the ,ork per day required to extract the water has 
been increased in the upper depths where the tensions were higher. 
Practically no water was extracted below the 36-inches depth except 
during the last days of the growing season . 
The growth of the plants was affected by the diff erent moi sture 
and nitrogen levels as shown in figure 4 and table 6. 
Table 6. Effect of moisture and nitrogen fertilizer on the height of 
sweet corn plants 
Moisture treatment Pounds of nitrogen added per acre 
0 80 160 
f eet feet feet 
High 5.6 6.0 6.4 
Medium 5.1 5.6 5.9 
Low 4.8 5.3 5.4 
The plants sub jecte d to the "high" moisture treatment at the highest 
nitrogen level were the tallest plants. At all nitrogen levels the plants 
subjected to the "high" moisture treatment were t he tallest and those 
subjected to the 11lo~ moisture level the smallesto 
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Figure 4. Comparisons in the growth of the plants obtained at different 
moisture and nitrogen levels. From left to right: high 
moisture, high nitrogen; high moisture, low nitrogen; medium 
moisture, high nitrogen; medium moisture, low nitrogen; low 
moisture, high nitrogen; low moisture, low nitrogen 
The ear yield data in tons per acre at the different moisture and 
nitrogen levels are presented in table 7. It shows that at 0 and 80 
pounds of nitrogen applied the highest yields were obtained in the "low' 
moisture plots. However the highest yields at 160 pounds of nitrogen 
applied were obtained from the "high" moisture level. As shown in the 
analysis of variance (table 8), the main effects of nitrogen were highly 
significant. It also shows that the main effects of water and phosphorus 
were not significant. The interactions between nitrogen and water were 
not significant; however, the interaction between water and phosphorus 
was significant at the 5 per cent level. 
The size of the ears from the "high" moisture and high nitrogen 
treatments were slightly greater than those from the "medium" and "low" 
Table 7. Effect of moisture and nitrogen fertilizer on the yield per 
acre of ear corn 
Moisture treatment Pounds of nitrogen added per acre 
0 80 160 
tons tons tons 
High 2.51 4.50 6.23 
Medium 2.58 4.37 5.69 
Low 2.87 4.65 5.51 
Table 8. Analysis of variance of the ear corn yield data 
Source of variation D. F. Sum of Mean F 
squares squares values 
Total 7l 634.28 
Whole plots: 
Reps. 3 1.82 0.60 0.39 
Quant. H2o 2 2.06 1.03 0.67 
Error nan 6 16.53 2.75 
Sub-plots: 
N 2 516.73 258.36 169.50H 
H20 X N 4 11.31 2.83 1.85 
p 1 o.o8 o.o8 0.05 
H2o x P 2 12.64 6.32 4.1)* 
N X P 2 3.16 1.58 1.03 
H20 X N X P 4 1.10 0.28 0.18 
Error "b" 45 68.85 1.53 
* 
Significant at the .os level 
** Significant at the .01 level 
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Figure 5. Comparisons in the size of the ears obtained at different 
moisture and nitrogen levels. From left to right: high 
moisture, high nitrogen; medium moisture, high nitrogen; 
low moisture, high nitrogen; high moisture, low nitrogen; 
medium moisture, low nitrogen; low moisture, low nitrogen 
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moisture treatments at the same nitrogen levels. As may be observed in 
figure 5 the largest differences in ear sizes were between those grown 
at 160 and 0 pounds of nitrogen levels. 
The stover yield data is presented in table 9. It shows that at 
all nitrogen levels moisture increased the yields. The main effects of 
moisture and nitrogen and the interaction between them was highly 
significant as shown in the analysis of variance (table 10). It also 
shows that there was no significant effect of the phosphorus alone, 
or in combination with nitrogen, water or both. 
The consumptive use of water for the growing crop at different time 
intervals and the total for the season at the 3 moisture levels were 
determined from the water extraction data (table 11). Also in table 11 
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Table 9. Effect of moisture and nitrogen fertilizer on the yield of 
sweet corn stover 
Moisture treatment Pounds of nitrogen added per acre 
0 80 160 
tons tons tons 
High 12.07 15.42 21.04 
Medium 10..59 l4.b2 17.99 
Low 9.61 13.92 14.96 
Table 10. Analysis of variance of the sweet corn stover yield 
Source of variation D. F. Sum of Mean F 
squares squares values 
Total 71 5307.18 
Whole plots: 
Reps. 3 140.67 46.89 3.72 
Quant. H2o 2 785.53 392.76 31.22** 
Error "a" 6 75.4o 12.58 
Sub-plots: 
N 2 3104.09 1552.04 103.46H-
H2o X N 4 389.24 97.31 6.48H-
p 1 0.87 0. 87 0.06 
H20 X P 2 60.23 30.11 2.00 
NxP 2 22.24 11.12 0.75 
H2o X N x P 4 53.60 13.40 0.90 
Error "b" 45 675.25 15.oo 
** Significant at .ul level 
Table 11. Evaporation, raini'al1, and consumptive use of water by sweet 
corn during the growing season 
Evapo- Rain- Consumptive use for the 
Date ration fall the different moisture levels 
"High" "Medium" "Low'' 
inches inches inches inches inches 
June 2.5 to July 1 0.20 0.4.5 0.29 0.06 
July 2 - 7 2.,51 0.,71 0.90 0.27 
July 8 - 20 4.20 3.14 3.08 1.44 
July 21 - 31 3.47 0.20 3.01 2.60 2.30 
Aug. 1- 7 1 • .59 0.17 lo93 1.23 1.14 
Aug. 8 - 14 1.77 o.63 1.89 1.82 1.82 
Aug. 15 - 21 1 • .53 0.40 1.16 1.2.5 1.06 
Aug. 22 - 28 1.46 0.33 1.3.5 1.40 0.5.5 
Aug. 29 to Sept. 3 1.0.5 1.17 1.43 0.4.5 
Total 17.58 1.93 14.81 14.uo 9.09 
is presented the rainfall and the evaporation data for periodic intervals 
and the total for the season. The data shows that there was only a small 
increase in the consumptive use at the "highn moisture plots over the 
"medium" moisture plots. 
Correlations between the consumptive use of water for the growing 
crop and the evaporation data were determined. The correlation coeffi-
cient (r2) for the "high", "medium" and "low" moisture plots were 0.585, 
0.6.58, and 0.268, respectively. 
METHOD OF LABORATORY EXPERIMENT 
A laboratory experiment was set up in the constant temperature 
room wi. th the temperature at 22oC ± 1° in order to study the water ex-
traction with time from a soil column containing different amounts of 
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extracting surfaces in different sections ( figure 6). The objective of 
this experiment was to observe whether or not the water uptake was 
proportional to the area of absorbing surfaces when tensions are 
uniform and if a tension gradient results in a soil when water is 
removed uniformily from volumes of soil containing different amounts of 
extracting surface. Also it was desirable to determine the effect of 
the resulting tension gradient on the water extraction from the different 
sections of the soil column. 
A plastic cylinder about 44 ern. long and 7 em. in diameter was 
filled with a soil which was uniformily wetted. 
Four soil sections were established each one being 11 em. long. 
In each respective soil section were placed L., 3, 2, and 1 porous cups. 
Each cup was connected to a burette. In each section l of the cups 
was connected to a mercury manometer to be used as a tensiometer. A 
constant vacuum was maintained in the entire system. 
The vacuum system was controlled by a thermocap relay which 
' 
operates a vacuum pump (53) as shown in figure 7. A fixed contact was 
placed around 1 arm of a mercury manometer. Whenever the mercury 
column falls below the point of contact on the glass manometer, the 
pump operated for a short time to increase the vacuum until the mercury 
was again above the contact point. The vacuum was controlled for 
Figure 6. The laboratory set up used for measuring the amount of water 
extracted from a soil column containing different amounts of 
extracting surfaces 
several weeks with a maximum fluctuation of about 4 mm. of mercury. 
Four tests were conducted, 3 on Salt Lake silty clay loam and 
the other one on wasatch coarse sandy loam soil. The first 2 trials 
were made with the apparatus as explained above. In the third and 
fourth tests conducted the technique was improved. The porous cups were 
tested for cup conductance and those of uniform conductivity selected 
for further use. The entrapped air in the porous cups was removed by 
applying suction pressure to them before the test s were started. 
Tensiometers were placed in each soil section, so the tension readings 
were made without the vacuum being stopped. The vacuum pressure was 
reduced to J5 em. of mercury. For the fourth test conducted a coarse 
sandy loam soil was used. 
Readings of the water extracted were made and recorded periodically. 
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Figure 7. The thermocap relay control vacuum system used in the laboratory experiment 
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RESULTS OF LABORATORY EXPERIMENT 
The first two tests conducted are not reported in detail due to 
the variability of the results. The porous cups had entrapped air 
which appeared in the system as soon as the vacuum was started. 
Apparently some water was absorbed by the soil from the porous cups when 
the vacuum was stopped periodically to make the tension readings. A 
vacuum pressure of 50 em. of mercury was used in the second trial which 
apparently was too high because air leaks were present in the cups in a 
relative short period of time after the experiment was started. Although 
these conditions introduced some variability, the results showed a 
decreased in the amount of water extracted Wi. th time. Also they showed 
the establishment of a soil moisture tension gradient from the section 
containing 1 porous cup toward the 4 cups section. Consequently more 
water was extracted per unit of surface area in the 1-cup ~ection 
than in the 4-, 3-, and 2-cup sections respectively. There was a marked 
difference i n the total amount of water extracted from each soil section 
during the first few hours of operation, but as the time progressed the 
soil moisture tension increased with a resulting tension gradiont being 
established. Consequently there was not too much difference in the 
total amount of water extracted from each different soil section. 
The data of the third test is presented in figures 8, 9, and 10. 
Figure 8 shows the amount of water extracted per unit surface area from 
each of the 4 different soil sections in each consecutive 24 hour period. 
It clearly shows a continuous decreased in the amount of water extracted 
from each soil section as a function of time. It also shows that more 
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Figure 8. Water extracted per unit surface area from soil 
sections containing different amounts of extracting 
surfaces for 24 hrs. periods in Salt Lake silty clay 
loam 
water was being extracted by the sections containing less amounts of 
extracting surfaces than from those with more extracting surfaces. It 
can be observed that more water has been extracted from the section 
containing 2 porous cups than the 1-cup section, but this is not 
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usually the pattern followed in the other tests conducted. In the fourth 
period of operation 1 of the cups in the 4 cups section was leaking, 
so it was replaced by a new one; the effect can be observe in figures 
8 and 9 with an increased in the water extracted and in figure 10, the 
tension being lowered. 
In figure 9 is presented the total amount of water extracted from 
each soil section in each consecutive 24 hour period. It shows a marked 
difference in the total amount of water extracted from the different 
soil sections in the first period of operation, but it continually 
decreased with time until there is not much difference in the amount of 
water extracted from the different soil sections containing deficient 
amounts of extracting surfaces. The experiment was discontinued in the 
fifth day of operation due to the air leaks present in the porous cups. 
Figure 10 shows the resulting tension gradient in a soil when 
water is removed from different sections containing deficient amounts of 
extracting surfaces while being subjected to a uniform vacuum pressure. 
As can be observed there is a gradual increase in soil moisture tension 
as water is being removed from the different soil sections. 
The data obt ained from the fourth test conducted is presented in 
figure 11, 12 and 13. In general, it shows a similar pattern of water 
extraction as those obtained in the previous tests conducted, that is, 
a decreased in the amount of water extracted w.i th time. Figure 11 shows 
that the amount of water extracted per unit surface area after the first 
24 hour period is highest in the section containing 1 porous cup 
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Time (hrs.) 
Total water extracted from soil sections containing 
different amounts of extracting surfaces for 24 hrs. 
periods in Salt Lake silty clay loam 
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Figure 12. Total water extracted from soil sections containing 
different amounts of extracting surfaces for 24 hrs. 
periods in Wasatch coarse sandy soil 
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followed by the sections containing 2, 3, and 4 porous cups in that order. 
An exception is the amount of water extracted by the 4-cup section in the 
fourth period of time when it shows a slight increased. A look at figure 
13 will show a similar trend followed by the soil moisture tension, ioe., 
an increasing tension gradient from the soil section containing one 
porous cup toward the section with four extracting surfaces o 
As may be observed in figure 12 there was a marked difference in 
the amount of water extracted from each soil section. The quantity of 
water removed was more or less proportional to the number of cups in the 
soil section; the largest volume being extracted from the 4-cup section 
and the least from the 1-cup section. Figure 13 shows that when the 
experiment was started the tensions were uniform throughout the entire 
soil column, but as the time progressed a tension gradient characteristic 
of the amount of extracting surfaces was established. Consequently there 
was not much difference in the total amount of water extracted from the 
soil sections containing different amounts of extracting surfaces as 
shown in figure 12 o The experiment had tp be discontinued on the sixth 
day due to the air leaks present in the system. 
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DISCUSSION 
The more uniform and consistent readings of the soil moisture 
measuring devices were those of the gypsum blocks with screen electrodes. 
The tensiometer data obtained was not used because it was affected by 
refilling the tensiometers with water the day before the readings were 
made. 
The total integrated tension presented in tables 3, 4, and 5 are 
not representative of the actual root zone, but of the whole profile. 
In general, the lowest tensions were maintained in the "high" moisture 
plots; the highest in the "low" moisture with the "medium" being 
intermediate between the two. 
The soil moisture data from the field experiment indicates that 
more water was extracted from the shallow depths for a period of time 
following an irrigation. The removal of greater quantities of water 
from the shallow depths cause the tension to increase more rapi dly in 
this region (see figure 2). This condition increased the work per 
day required to extract water from this region. Consequently more water 
was extracted from progressively lower depths where the tensions and 
the work required to remove the water were less. A soil moisture 
tension gradient characteristic of the plant root activity was 
established for a period of time after an irrigation was done. Similar 
data in the water extraction from a soil column was obtained in the 
laboratory experiment. It shows that for a short period of time after 
the vacuum was started, the moisture removed was proportional to the 
amount of extracting surfaces, but as the time progressed the amount 
• 
of water extracted decreased considerably and reached a point where 
practically the same amount of water was extracted from the different 
soil sections containing different amounts of extracting surfaces 
(see figures 9 and 12). The data also shows that when comparisons were 
made' on the basis of unit surface area, and the time progressed more 
water ~s extracted from those sections which contains only 1 
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absorbing surface (see figure 8 and 11). Also a tension gradient 
characteristic of the amount of absorbing surfaces was established. 
Both, the field and laboratory results obtained supports the prediction 
made by Taylor and Haddock (54), but disagrees with the findings of 
Beckeet, Blaney and Taylor (8) • 
All the tests conducted in the laboratory experiment were stopped 
as soon as air leaks appeared in the system. 
Due to the lag exhibited by the blocks in attaining equilibrium 
after the irrigations were done, the total water extracted from the 
root zone following an irrigation was estimated by extrapolation of 
the water extraction points between irrigations. 
The plants subjected to higher tensions and consequently to more 
work per unit time required to remove water from the soil were the 
smallest in size, and those subjected to l ower tensions and less work 
per unit time the tallest plants. This disagrees with the results of 
Hendrickson and Veihmeyer (58, 59). 
There was a definite interaction between moisture and fertilizer 
in the growth and yield of sweet corn. Apparently the degree of 
depletion of the soil moisture above the wilting percentage limited the 
full utilization of nutrients available to the plant. Consequently 
its growth and yield are affected when the plants are allowed to deplete 
all the soil moisture above the wilting percentage . In general the 
results obtained are in agreement with the findings of Peterson and 
Ballard {41). 
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There was a highly significant correlation coefficient between the 
consumptive use of sweet corn and the open pan evaporation in the 
11medium11 moisture plots. The consumptive use data obtained was very 
close to that estimated by the Blaney and Criddle method (10). 
Many questions still remain concerning the availability of water 
to plants. ~ore information is needed regarding the degree of avail-
a~ility of the soil moisture and its effects at various periods of growth. 
Other growth factors like soil fertility, weather conditions and 
plant rooting habits must be studied. Also the extent to which different 
plants may be able to extract water from the different depths of the 
root zone and its effects upon growth and yield needs further study. 
' 
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SUMMARY AND CONCLUSIONS 
A field experiment consisting of 3 moisture levels and 6 fertility 
treatments of nitrogen and phosphorus was conducted in order to determine 
the effect of the water extracting requirement upon fertilizer, growth 
and yield response of sweet corn. Irrigations were regulated by irri-
gating at predetermined moisture conditions as measured by gypsum 
resistance blocks. 
The extraction of water from a uniformily wetted soil column 
containing different amount of extracting surfaces was conducted in the 
laboratory. 
The water extracted from the soil was proportional to the area 
of absorbing surfaces when tensions were uniform. 
The amount of water extracted from a soil decreases continually as 
the time progressed. 
A soil moisture tension gradient characteristic of the amount of 
extractiqg surfaces was established in a soil when water was removed 
from volumes containing different amounts of extracting surfaces. 
Consequently more water· was extracted per unit surface area from the 
soil section containing less amount of extracting surfaces. 
More water was extracted from the shallow depths of a soil for a 
period of time following an irrigation. As the tension and the work 
required to extract water from the soil increases in the shallow depth r 
more water was extracted from progressively lower depths. \ 
The sweet corn plants did not remove appreciable ruoounts of water ) 
below the 36-inches depth. 
·~ · 
The height of plants depends more on water than on the nitrogen 
supply. 
The yield of ear corn at 160 pounds of nitrogen was increased by 
moisture although the differences were not statistically significant. 
The plants subjected to high moisture tensions produced the 
largest yields at low nitrogen levels. 
Nitrogen increased the ear and stover yields at all moisture 
levels. 
There was no significant effect of phosphorus upon the ear and 
stover yields. 
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The correlation between the consumptive use of sweet corn with an 
open pan evaporation was highly significant at the medium moisture 
treatments. In the high moisture plots the correlation was significant 
at the 5 per cent level, but in the low moisture treatments the 
correlation was not statistically significant. 
\ 
It appears evident that the moisture availability to plants 
decreased continually with time throughout the entire soil moisture range. 
Therefore, the hypothesis that moisture is equally available throughout 
the entire plant growth range from field capacity te permanent wilting 
percentage is untenable. 
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